Adenomyosis and endometriosis are relatively common gynecological diseases that exhibit many common features. This study identified gynecological and non-gynecological diseases that exhibited comorbidity with adenomyosis and endometriosis in Korean women.
Introduction
Adenomyosis and endometriosis are relatively common gynecological disorders that are prevalent in reproductive aged women. The average age of symptomatic women with adenomyosis are generally older than 40 years, although it is occasionally noted in young women [1] . The prevalence of adenomyosis ranges from 5% to 70%, and the rate of diagnosis of adenomyosis during hysterectomy is approximately 20% to 30% [2] . Endometriosis occurs in approximately 10% of the general population, but it as high as 40% in infertile women and 30%-87% in women with chronic pelvic pain [1, 3, 4] . These 2 disease entities are similar pathologically because
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Eun Ji Choi of the presence of endometrial glands outside the uterine endometrium [1] . Adenomyosis is defined as the presence of endometrial stroma and glands within the myometrium at least one low-power field from the basis of the endometrium. Endometriosis is also characterized by ectopic endometrium outside the uterus, generally within the peritoneal cavity, especially in the cul-de-sac, ovaries, pelvic visceral, or parietal peritoneum [1] . Symptomatically, these 2 diseases are also similar because the most common causes of chronic pelvic pain are adenomyosis and endometriosis. Therefore, the possibility of an inter-relationship between these 2 diseases was investigated. Leyendecker et al. [5] reported that the prevalence of endometriosis in adenomyosis was 80.6%, and the prevalence of adenomyosis in endometriosis was 91.1%. Comorbidity is commonly understood as the coexistence of 2 or more diseases in the same individual. Comorbidity is most often defined in relation to a specific index condition [6] , "Any distinct additional entity that has existed or may occur during the clinical course of a patient who has the index disease under study" [7] . Demonstration of disease comorbidity is important because comorbidity may provide additional information regarding the possible link between the diseases in molecular pathophysiology or causality. Comorbidity may also be used to identify other related diseases in patients with an index disease. Diseases would be expected to cluster in an individual if they shared a common pattern of influence or if the resilience or vulnerability of the individual was altered. For example, up to 75% of adults with diabetes also have hypertension [8] . Hypertension and diabetes are commonly intertwined conditions that share a significant overlap in underlying risk factors, including ethnicity, familial tendency, dyslipidemia, and lifestyle [8] . Another example of comorbidity is most chronic obstructive pulmonary disease patients have other chronic medical problems, including high blood pressure, hypercholesterolemia, heart disease, diabetes, osteoporosis, depression, and cancer [9] .
There are several reports regarding the comorbidity of adenomyosis and endometriosis. Adenomyosis exhibits comorbidity with leiomyoma, endometrial hyperplasia, endometrial cancer, and breast cancer [10, 11] . Endometriosis exhibits comorbidity with immunological disorders, such as rheumatoid arthritis, systemic lupus erythematosus, hypothyroidism, hyperthyroidism, and multiple sclerosis [12, 13] . Therefore, the present study identified specific diseases or pathological conditions that were closely linked to adenomyosis and endometriosis by analyzing Korean Health Insurance Review and Assessment (HIRA) data from 2009 to 2011.
Materials and methods
1. Sources of data and data selection Health care institutions (i.e., hospitals and clinics) ask the Korean national health insurance (International Classification of Disease, 10th revision [ICD-10]) service to pay for incurred medical expenses. HIRA reviews the ICD-10 claims, and the ICD-10 service reimburses the health care institutions for medical expenses. HIRA data were obtained from the payment claims form that is generated from each inpatient or outpatient visit to a health care institution. The HIRA data provides information on age, sex, diagnoses, therapeutic procedures, and prescribed drugs. Surrogate identification numbers replaced personal identifiers for research analyses to protect personal information. Researchers may combine data from multiple claims into a single entry for each patient. We filtered 3 years of HIRA data for adenomyosis and endometriosis (coded as N80.1 and D25 in ICD-10, respectively). We calculated the annual prevalence of adenomyosis and endometriosis from 2009 to 2011 and analyzed the presence of gynecological and non-gynecological diseases for comorbidity. We used the patient's management history for a more accurate determination of adenomyosis and endometriosis. We selected females who received gynecological ultrasonography for more confident diagnoses of the 2 diseases, and we confirmed adenomyosis and endometriosis using the diagnosis codes.
Statistics
We used Fisher's exact test to determine whether 2 diseases occurred independently. To compare a pair of diseases, 2 vectors containing the presence or absence of disease were obtained from the original data. One vector contained the presence/absence of the target disease (endometriosis or adenomyosis). The other vector contained information about the presence or absence of ICD code. A 2-by-2 table was constructed, and Fisher's test was applied. Odds ratio (OR) for disease comorbidity was estimated from the table.
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Here, k indicates the number of P-values. The statistics were tested using χ 2 distribution. All computations were performed in the R statistical program (R Foundation for Statistical Computing, Vienna, Austria; http://www.R-project.org/) [14] .
Results
The The prevalence of endometriosis was 9.3% in 2009, 9.4% in 2010, and 9.1% in 2011. There were no significant differences in disease prevalence between the 3 consecutive study years (Table 1) , and the prevalence of adenomyosis and endometriosis was similar to previous reports [1, 7] . Adenomyosis and endometriosis were most prevalent in women in their forties and fifties during the study period, which was expected and consistent with previous reports (Fig. 1) . The number of patients diagnosed with these diseases in study group was approximately 4,000-5,000 per year. We analyzed the diagnostic codes that were entered in addition to adenomyosis or endometriosis, and 2,425 types of diseases existed in common with adenomyosis and endometriosis. Tables 2 and 3 list the diseases with significant comorbidity with adenomyosis. Dysmenorrhea (ICD-10 code N946) and female genital organs and menstrual cycle (ICD-10 code N948) revealed an OR over 1, which indicates a higher presence of these 2 codes (N946 and N948) in women with adenomyosis than women without adenomyosis. However, ICD-10 code D25.1 (intramural leiomyoma) and D25.0 (submucosal leiomyoma) revealed ORs less than 1, which indicates a low possibility of comorbidity with adenomyosis. Benign neoplasm of ovary (ICD-10 code D27) revealed an OR greater than 1 in 2009 but less than 1 in 2010 and 2011, which provides inconclusive results for the comorbidity of this condition with adenomyosis and endometriosis.
The ORs for benign neoplasm of the ovary (ICD-10 code D27) and ovarian cyst (ICD-10 code N83.2) were greater than 1 for endometriosis, which was expected because most surgeries for endometriosis are for ovarian semisolid cystic masses. Preoperative imaging studies, such as ultrasonography or computed tomography, often suggest ovarian endometrioma. However, leiomyoma (ICD-10 codes D259 and D251) and submucosal leiomyoma (ICD-10 code D250) did not exhibit Meta-analysis revealed that adenomyosis correlated with 31 ICD-10 codes, and endometriosis was correlated with 44 ICD-10 codes. Uterine leiomyoma is the most common uterine benign tumor, and it was commonly related with benign ovarian tumor in previous studies [15] . However, uterine myoma was not related with adenomyosis or endometriosis in our study. Anemia, hypercholesterolemia and hyperlipidemia were significantly associated with adenomyosis and endometriosis. The P-value of the meta-analysis of 3 independent datasets was highly significant (mean OR, 0.4; P=1.11E-05), which indicates that hypercholesterolemia tended to occur in women without adenomyosis. Anemia also exhibited highly significant comorbidity with these 2 diseases. Iron deficiency anemia (D509) was more prevalent in the adenomyosis group (mean OR, 1.4; P=5.40E-31) However, D509 was less prevalent in the endometriosis group (mean OR, 0.5; P=5. 70E-19) . Hypercholesterolemia and hyperlipidemia exhibited low but significant comorbidity with adenomyosis and endometriosis (Tables 2-5).
Discussion
Gynecological diseases, such as uterine myoma and benign ovarian tumor, and non-gynecological diseases, such as anemia and hypercholesterolemia, were significantly related with the diagnoses of adenomyosis and endometriosis in 61,516 Korean female patients across 3 years of HIRA data. Previous studies suggested a comorbidity relationship between adenomyosis/endometriosis and other diseases, but the results of these studies were not consistent [16] . Various studies reported the coexistence of adenomyosis and leiomyomas in the same uterus. Taran et al. [11] reported that the incidence of concomitant adenomyosis in hysterectomy specimens of women with leiomyomas was between 15% and 57% [12, 13] .
Endometriosis is associated with a higher risk of cutaneous melanoma [16] , diabetes mellitus, pelvic inflammatory disease, cardiovascular diseases, chronic liver diseases, rheumatic disease, hypertension, hyperlipidemia, and depression [17] .
The present study found significant comorbidity of diseases with adenomyosis and endometriosis. Anemia was easily anticipated as a comorbid disease of adenomyosis because menorrhagia is one of the primary symptoms. The comorbidity of leiomyoma may be explained by the high prevalence of this disease in reproductive-aged women. A recent retrospective study reported that 87.1% of patients with a chief concern of symptomatic fibroids who complained of abnormal uterine bleeding also had a diagnosis of histology-proven endometriosis [15] . These authors reinforced the need for a concomitant diagnosis and intraoperative treatment of both conditions and warned against overlooking the presence of endometriosis and preventing the persistence of pelvic pain after surgery for the symptomatic leiomyoma [15] . The current literature reports an incidence of concomitant fibroids and endometriosis ranging between 12% and 20%, based on 2 previously published studies of over 3,600 patients and 605 participants, respectively [18, 19] .
However, hypercholesterolemia and hyperlipidemia are newly discovered non-gynecological diseases that exhibited comorbidity with adenomyosis and endometriosis in the present study. The correlation was not strong, which may partially reflect the age factor because of the high prevalence of adenomyosis and endometriosis in women in their forties. Recent evidence also suggests higher serum levels of low-density lipoprotein in women with endometriosis [20] . The possibility of an increased risk of cardiovascular diseases in endometrio- Eun Ji Choi, et al. Adenomyosis and endometriosis sis patients was recently reported, and endometriosis and coronary heart disease may share a common genetic background [21] . The findings of this study support the possible increased risk of cardiovascular disease in endometriosis based on the comorbidity data.
There are several limitations in this study. This study was based on HIRA data, and we analyzed disease codes that were entered to the HIRA database when the clinicians examined their patients at an outpatient clinic and pathological confirmation was not always obtained. The diagnosis was generally made on the basis of physical examination and imaging studies, such as transvaginal ultrasonography or pelvic magnetic resonance imaging. Most diagnoses were made clinically, not pathologically. Therefore, there is the possibility of omitting or adding incorrect disease codes. Another inherent limitation was that the data evaluation relied solely on the electronic data interchange code input of individual hospitals, and the integrity of the information in the registry may vary between hospitals.
However, these limitations do not decrease the significance because of the large dataset analyzed. Analyses of big datasets offer the possibility to discover new insights about our approach to disease using a low-cost method and high volume of data. Cross-sectional studies of large datasets enable immediate feedback on new correlations or trends. Therefore, the potential benefits outweigh the countervailing limitations. To the best of our knowledge, this report is the first epidemiological study to report the nationwide incidence of adenomyosis and endometriosis in East Asia. The etiology and pathophysiology of adenomyosis and endometriosis and their interrelationship are not fully understood, but the present study has clinical significance. The results provide a novel view to assess diseases that may be used in the diagnosis or treatment plan via application to a checklist of criteria.
In conclusion, gynecological diseases, such as uterine myoma and benign ovarian tumor, and non-gynecological diseases, such as anemia and hypercholesterolemia, were comorbid with adenomyosis and endometriosis in Korean women. We must pay attention to the presence of these comorbid diseases in the diagnosis and follow-up of patients with adenomyosis and endometriosis. 
